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LARGE-SCALE INDUSTRIAL APPLICATIONS 
OF SOLAR ENERGY* 
W. C. Dickinson 
Lawrence Livermore Laboratory 
University of California 
Livermore, California 94550 
Introduction 
Research on solar energy sponsored by the U.S. Research and 
Development Administration (ERDA), at the Lawrence Livermore 
Laboratory, has concentrated on finding and developing techniques that can 
be made economically competitive with fossil fuels and can be applied by 
industry on a large scale. The difficulty lies in making solar energy 
competitive, not in identifying large-scale application. Table 1 suggests the 
widespread need for large-scale applications. 
Table I 
1973 Energy Consumption Patterns (in per cent of U.S . total)1 
Space Other Elec- All 
heat and heat and tricity Motive Othera uses 
cool cool 
Residential 10 2 8 20% 
Commercial 7 I 5 2 15% 
Industrial 2 25 10 4 41 % 
Transportation 24 24% 
All users 19% 28% 23% 24% 6% 100% 
a "Other" includes petrochemicals, asphalt, lubrica tion, etc. 
In light of our interest in short-time scales and in the potential for 
large-scale application, the large fraction of total energy consumed by 
industry for purposes other than space heating and cooling is a particularly 
attractive area for research and development. Specifically, about 17% of the 
*NOTICE: "This report was prepared as an account of work sponsored b y the United 
States Government. Neither the United States nor the United States Energy R esearch & 
Development Administration , no r any of their emplo yees, nor any of their contractors, 
subcontrac tors, or their emplo yees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness or usefulness of any 
information , apparatus, produ ct or process disclosed, or represents that its use would 
not infringe privately-owned righ ts." 
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total energy used in the U.S. goes to produce hot water and steam for 
industrial processes.2 This is equivalent to the consumption of 2. 5 billion 
barrels (bbls) of oil each year. If solar heating could provide even 5 percent of 
this energy, the saving would be the equivalent of 125 million barrels of oil 
per year. 
The ERDA-Sohio Project 
A first step is now being taken toward the large-scale application of solar 
energy for industrial- process heat. Under a no-funds-exchanged contract 
between the Sohio Petroleum Company and the U.S. Energy Research & 
Development Administration (ERDA), Lawrence Livermore Laboratory 
(LLL) is designing an experimental solar water-heating facility for Sohio to 
build at its new uranium mining and milling plant near Grants, New Mexico. 
This is scheduled to go into operation in 1976. 
Hot water is u sed to accelerate the chemical leaching process by which the 
uranium ore is concentrated to yellowcake (u3o8). The plant will have 
oil-burning boilers to heat water, but, because ot the high cost of fuel oil and 
the possibility of occasional shortages, Sohio would like to be able to 
supplement oil heating with solar heating. 
For this application, we are designing a system of shallow solar ponds, 
which meets our basic criteria o f simplicity, low cost , and early application. 
A shallow solar pond is a simple.nonconcentrating solar collector similar in 
principle to a greenhouse . As presently conceived, each pond module is a 
long, narrow, clear plastic bag (200 ft by 12 ft) containing slowly flowing 
water 2 to 4 inches deep . The bag prevents evaporation; under it is a layer of 
black plastic to absorb the sun's heat, and under the black layer is a layer of 
insulation to minimize the loss of heat into the ground. Heating is enhanced 
through a greenhouse effect obtained by arching another layer or two of clear 
plastic over the water bag. On sunny days, hot water can be u sed directly 
from the ponds; storage reservoirs can be constructed underground to retain 
useful quantities of heat overnight or through cloudy periods of a few days . 
The Sohio plant will require about 500 gallons per minute (gpm) of 149°F 
water, 24 hours a day. The water will come from local wells at about 60°F. 
Thus the total requirement for process heat at the plant is 
(500 gpm) X (1440 min/day) X (8.35 lb/gal) X (1 Btu/ lb-°F) X (80°F) 
= 4.8 X 108 Btu/day = 480 MBtu/day 
~ 1.75 X 105 MBtu/ yr 
4 
Fuel oil contains 5.8 MBtu/ bbl. If it is converted to usable heat with 75 
per cent efficiency, the annual consumption of fuel oil for process heat at the 
Grants plant will be 
1.75 X 105 ~ 40 000 bbl 
5.8X0.75 ' 
With oil at a site-delivered price of about $14.70/bbl, this amounts to an 
annual fuel bill (including amortization and operation and maintenance costs 
for the boilers) of about $616,000 if oil alone is used as a source of process 
heat. 
The solar-pond facility is planned to provide about 80% of the required 
process heat during the summer and about 25 percent during the winter, for a 
year-round average of 50-55 percent. Assuming an average summer solar 
radiation of about 2500 Btu/day-ft2 on a horizontal surface , and a 
summertime collection efficiency of about 60 percent, the area of a pond 
that will deliver 80 percent of the heat requirement is 
( 4.8 X l 08 Btu/ day) X 0.80 ~ 2.6 X J os ft2 :::::, 6 acres 
(2500 Btu/day-ft2) X 0.60 
This corresponds to 112 modu les having effective dimensions of 200 by 11.5 
ft. Including service roads and curbings for the pond modules, the whole 
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F ig. 1. Envisioned layout of the EH.DA-Sohio shall ow - solar-pond facility for 
Sohi o's uranium proce::.s1ng complex at Grants, New Mexico, Eac h 
module i s 200 ft long and 12 ft wide ; the re wi ll be l ll modules in 
all. 
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We estimate that this system will collect about 105 MB tu of solar energy 
in a year , or somewhat more than half of the total process heat needed 
annually. By supplementing the conventional boilers to this extent, the solar 
ponds should reduce the amount of oil that would otherwise be consumed at 
the Grants plant by about 20 ,000 bbl/yr, half the total requir~ment. 
Our goal for the cost effectiveness of this first industrial application of 
solar heating is that it provide energy at an overall cost less than the cost of 
using fuel oil alone. For the first full-scale experiments, we have prepared two 
pond designs, one aimed at low initial cost and the other at long life (Fig. 2). 
The estimated installed costs of these designs, including plumbing, controls, 
and storage reservoirs, are $1.85/ ft2 and $2.25 /ft2 , respectively. Over a 
period of about 10 years, however, the overall costs per unit energy delivered 
would tend to even out because the "low-initial-cost" design would incur 
higher maintenance costs -- for example, the plastic bag would have to be 
replaced every two or three years. We estimate that , with either design, the 
cost of heating water for the Grants operation, with half of the energy 
provided by a solar-pond facility , will be about $100,000 per year less than 
the cost of heating with oil only. 
Water-filled 
black- bottomed 
plast ic bog 
F ig , 2, Cross sect ions of two s hallow - solar -pond designs , The "long-l ife" 
des ign (a ) cons ists of the wate r- fi ll ed pla s ti c bag with a separate 
semir ig id ac r y lic top he l d in pl ace by the wooden c lamps on the 
concr e te curb , This is the des ign s how n in F ig, 1, The "l ow -
in it ial- cos t " desig n (b) cons ists of a two - compartment plas ti c ba g, 
The lower com partment conta ins the wat e r a nd the uppe r is filled 
wit h air to c r eat e an a r c . The enti r e bag is anc hored by ca bl es 
t ha t have been stapled to t he ground, 
These estimates need to be substantiated by more concrete information. 
for example, we have to determine experimentally which design is the more 
efficient heat collector and which stands up better in bad weather. 
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To obtain such information, we are building a prototype system at the 
Gran t s site, comprising three full-scale pond modules: two of the 
low-initial-cost design and one of the long-life design. One of the former will 
be used as a control while elements of the other are varied one at a time to 
determine their individual effects; it is expected that the parametric data so 
obtained will apply to both designs. 
The complete facility is planned to go into operation in the fall of 1976, 
along with the rest of the plant. We will monitor the performance of this solar 
facility for several years to evaluate its efficiency and cost effectiveness; all 
information developed during this project will be published in the open 
literature and otherwise made available to the public. 
Some idea of the cost effectiveness of solar ponds is already available, 
from calculational parametric studies and from observations of small 
experimental ponds at Livermore (Fig. 3). For the specific Sohio application, 
we calculate that it would still be cost effective to supply part of the process 
heat with solar ponds even if the cost of oil were to drop to $6/bbl or if the 
cost of the ponds were to go as high as $3.40/ ft2 . 
These conclusions need to be verified by long-term experience in operating 
and maintaining ponds, and this experience will be provided by the Sohio 
project 
f.' ig . 3. E xpe r im e nt a l s ha ll ow s olar pond und e r cons tru ction at Li ve r more . 
T he pond is one - qu a rte r the l ength of a normal modul, ·, but it pro -
vides e no ugh info rmation on in c ident s ol ar r ad iati on and heat col-
l ec t ion to pe r m it ext e ns ive calcul ati ons . 
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Future Applications 
A primary goal of this ERDA-sponsored work on solar ponds is to reduce 
the cost of the ponds to make them even more attractive for industrial use. 
Several other applications are possible and will be investigated as the work 
progresses. For example, fossil fuel is used every autumn for crop drying. In 
its place , hot water from solar ponds could be converted to hot air by a heat 
exchanger , or the ponds might be designed to produce solar-heated air 
directly. Another potential use for energy su pplied by shallow solar ponds is 
to provide hot water, space heating, and air conditioning for a residential 
complex. 
Looking further into the future , we believe that it may be possible to 
make steam economically with solar energy. This would open a whole new 
area for supplying industrial-process heat with solar energy. Determining the 
feasibility of these and other applications is the objective of our ERDA 
program. 
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* * * 
Legislature Sees Light 
The 1974 Iowa Legislature included, in an appropriation bill, $300,000 for 
a solar energy plant to partly heat and cool the State Capitol. 
* * * 
Solar Energy Society of America 
The Solar Energy Society of America and its publication Energies is 
dedicated to a broad scope of information and education in solar energy and 
related energy concerns and realities. The society is working in areas ranging 
from the immediate use of solar energy for heating and cooling to planning 
preparation of lifestyles resulting from changed physical and human energy 
use patterns. Cost is $12.50 for subscribing memberships and $8.50 for 
student memberships. For information contact Solar Energy Society of 
America, P.O. Box 4264, Torrance, California 90510. 
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